Introduction
============

Rheumatoid arthritis (RA) is an autoimmune disease characterized by inflammatory synovitis and the subsequent destruction of articular cartilage and bone. Over the last few decades, a dramatic revolution on disease remission has made the satisfactory outcome achievable with effective drugs and treatment strategies. Stringent control of disease activity lowers the risk of joint destruction, functional disability, and overall mortality in patients with RA.^\[[@R1]\]^ Intensive therapy involves the combination of synthetic, or biological disease modifying anti-rheumatic drugs (DMARDs), and steroids that is superior to routine step-up DMARD treatment and leads to improved outcomes in patients with RA.^\[[@R2]\]^ As treatment strategies continue to improve and remission becomes the target of treatment, rheumatologists are posed with challenging questions regarding sustained remission. Once remission has been achieved and stably maintained, should drugs be tapered or discontinued?

Suppression of disease activity for a prolonged period in RA is a hallmark that ideally implies the absence of any detectable swollen and tender joint, as well as any sign of systemic inflammation. Almost all clinical indices currently used to define disease remission allow residual inflammation, including Disease Activity Score 28 (DAS28), Simplified Disease Activity Index (SDAI), and the Clinical Disease Activity Index (CDAI). Since DAS28 remission is afflicted with the potential of having swollen joints, it is related to damage progression.^\[[@R3]\]^ Active joints remained in SDAI and CDAI remission.^\[[@R4]\]^ Furthermore, the Boolean definition allows a maximum of one swollen and tender joint, which is closer to "deep" remission than the others.^\[[@R5]\]^ A more rigorous remission has been described by Wells *et al*.^\[[@R6]\]^ The criteria of Outcome Measures in Rheumatology (OMERACT) 7 are regarded as a more ambitious definition requiring a tender joint count of 0, a swollen joint count of 0, and an erythrocyte sedimentation rate (ESR) ≤ 10 mm/h, without C-reactive protein (CRP) included. Recently, Liu *et al*^\[[@R7]\]^ described clinical deep remission (CliDR) as having no swollen or tender joint with a normal ESR and CRP level. Compared to the other remission definitions, CliDR is more stringent in evaluating the improvement and is easy to apply in practice.

It has been clearly shown that "tight control" is critical in improving the outcome of RA. However, rational regimens in practice need to be evaluated to provide clinical evidence in real world. In this study, we investigated the remission rate and predictive factors in a large cohort of patients with RA treated with sustained intensive DMARD therapy (SUIT), non-SUIT, and intermittent SUIT (Int-SUIT).

Methods
=======

Ethical approval
----------------

The study was conducted in accordance with the *Declaration of Helsinki* and approved by the Institutional Research Ethics Committee of the Peking University People\'s Hospital (No. 2018PHB006-01). Written informed consent was obtained from all patients.

Study population
----------------

This single-center daily practice cohort study was performed at the Peking University People\'s Hospital between 2012 and 2017. Patients with active RA fulfilling the 1987 American College of Rheumatology (ACR) classification criteria or the 2010 ACR/European League Against Rheumatism (EULAR) RA classification criteria were included in this study: (1) Age \>18 years with at least three visits per year between January 2012 and December 2017; and (2) patients without other systemic inflammatory or connective tissue disease (CTD).

A total of 610 patients with active RA were selected from the medical records of 2012. During the follow-up period, seven patients were excluded due to uncertain diagnosis of RA, ten were excluded because they were diagnosed with other CTD, and the remaining 52 were excluded for missing data during follow-up. Finally, 541 patients were included in the cohort. During the 5-year follow-up, 207 (38.3%) patients were treated with SUIT, 152 (28.1%) with non-SUIT, and 182 (33.6%) patients with Int-SUIT. The flow diagram is presented in Figure [1](#F1){ref-type="fig"}.

![Flow diagram of the selection of the participants. RA: Rheumatoid arthritis; CTD: Connective tissue disease; SUIT: Sustained intensive therapy with disease modifying anti-rheumatic drugs; Int-SUIT: Intermittent SUIT.](cm9-133-1397-g001){#F1}

Data collection
---------------

Clinical and laboratory data, including gender, age, smoking status, RA family history, RA disease duration, swollen joint count in 28 joints (SJC28), tender joint count in 28 joints (TJC28), deformed joint count in 28 joints (DJC28), ESR, CRP, rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti-CCP) antibody, extra-articular manifestations, and medical history, were collected from the medical database of Peking University People\'s Hospital. The use of DMARDs, including methotrexate, hydroxychloroquine, leflunomide, sulfasalazine, as well as glucocorticoids, was monitored throughout the study period. The data were obtained at each follow-up visit.

Definition of remission
-----------------------

RA remission was defined according to the following three criteria: 28-joint disease activity score based on ESR (DAS28-ESR)≤2.6,^\[[@R8]\]^ 28-joint disease activity score based on CRP (DAS28-CRP)≤2.6,^\[[@R8]\]^ and clinical deep remission (CliDR) criteria.^\[[@R7]\]^ No universally accepted approach was used to summarize the disease activity over multiple visits during follow-up. Each patient had only one value or mean value of the disease activity score per year that indicated his annual disease activity. Sustained remission is defined as maintaining remission at least 1 year.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS Statistics 23.0 (SPSS Inc., Chicago, IL, USA). Categorical variables were described as counts (percentages) and continuous variables were expressed as mean ± standard deviation or median (Q~1~, Q~3~). The demographics and clinical characteristics between the groups were compared using Kruskal-Wallis *H* test for continuous variables with skewed distribution, one-way analysis of variance test for continuous variables with normal distribution and Chi-squared or Fisher exact test for categorical variables. Kaplan-Meier survival curves and log-rank test were applied to analyze the differences between groups in accumulative percentages of remission. Independent predictor identification was performed by forward stepwise multivariate logistic regression analysis. Variables with a *P*-value \<0.10 in univariate regression analysis were retained for the multivariate model. A two-tailed *P*-value \<0.05 was considered as statistically significant.

Results
=======

Baseline characteristics of patients with RA
--------------------------------------------

Among the 541 patients with RA, 457 (84.5%) were females with the mean age of 56.9 ± 12.7 years, and the mean disease duration was 10.7 ± 9.2 years. The median counts of tender, swollen, and deformed joints were 9, 7, and 2, respectively. The median levels of ESR and CRP were 42.7 mm/h and 17.9 mg/L, respectively. Positive RF and anti-CCP antibodies were observed in 385 (71.2%) and 515 (95.2%) patients, respectively. Interestingly, osteoarthritis (116/541, 21.4%) was the most common complication. Interstitial lung disease (47/541, 8.7%) and secondary Sjögren syndrome (41/541, 7.6%) were the most common extra-articular manifestations. The usage rate of conventional synthetic DMARDs was 93.0% (503/541) with methotrexate (217/541, 40.1%), leflunomide (307/541, 56.7%), and hydroxychloroquine (175/541, 32.3%). In the initial treatment, 29.8% (161/541) of the patients received glucocorticoids, and 7.0% (38/541) used biological DMARDs. We also compared the baseline characteristics among SUIT, Int-SUIT, and non-SUIT groups. No significant differences were detected in age, gender, anti-CCP antibodies, CRP, ESR, TJC28, SJC28, and DJC28 (*P* \> 0.05). However, there were significant differences in RF, RA family history, and smoking among the three groups (*P* \< 0.05) \[Table [1](#T1){ref-type="table"}\].

###### 

Baseline characteristics of patients with RA treated with different regimens.

![](cm9-133-1397-g002)

Trends of sustained remission
-----------------------------

A total of 12.0% (65/541) of patients sustained at least 1-year DAS28-ESR remission in the SUIT group, 8.5% (46/541) in the Int-SUIT group, and 3.5% (19/541) in the non-SUIT group. In the three groups, the remission rates decreased gradually with time. Only 5.6% (20/359) of patients maintained remission in consecutive 5 years in the SUIT group, 0.8% (3/359) in the Int-SUIT and 0.3% (1/359) in the non-SUIT groups \[Figure [2](#F2){ref-type="fig"}A\]. Consequently, a higher percentage of patients sustained remission in the SUIT group as compared to that in the non-SUIT and Int-SUIT groups. The same trend was observed when assessed by DAS28-CRP criteria. The remission rates of patients treated with SUIT regimens decreased from 14.0% (76/541) to 7.2% (26/359) during the 5 years \[Figure [2](#F2){ref-type="fig"}B\]. The remission trend analyzed with CliDR criteria revealed that the remission rate decreased from 8.5% (46/541) to 3.1% (11/359) in the SUIT group during the 5 years. However, only 4.8% (26/541) of the patients in the non-SUIT group and 2.6% (14/541) in the Int-SUIT group achieved 1-year sustained remission. Surprisingly, patients with sustained CliDR remission \>3 years were rare, and the remission rates were nearly 0 in the non-SUIT and Int-SUIT groups \[Figure [2](#F2){ref-type="fig"}C\].

![Sustained remission rates in patients with RA treated with different regimens based on (A) DAS28-ESR, (B) DAS28-CRP, and (C) CliDR criteria. RA: Rheumatoid arthritis; DAS28-ESR: 28-Joint disease activity score based on erythrocyte sedimentation rate; DAS28-CRP: 28-Joint disease activity score based on C-reactive protein; CliDR: Clinical deep remission; SUIT: Sustained intensive therapy with disease modifying anti-rheumatic drugs; Int-SUIT: Intermittent SUIT.](cm9-133-1397-g003){#F2}

RA cumulative remission rates in 5 years
----------------------------------------

As shown in Figure [3](#F3){ref-type="fig"}, significantly different cumulative remission rates were found between the three treatment groups based on DAS28-ESR (*P* *=* 0.002), DAS28-CRP (*P* \< 0.001), and CliDR (*P* *=* 0.001) throughout the 5-year period. Compared to those with non-SUIT and Int-SUIT regimens, patients treated with SUIT regimen had a significantly higher cumulative remission rate when assessed by DAS28-ESR (39.7% *vs*. 19.5%, *P* = 0.001; 39.7% *vs*. 25.7%, *P* = 0.043, respectively) and CliDR (24.5% *vs*. 8.7%, *P* = 0.001; 24.5% *vs*. 14.2%, *P* = 0.047, respectively). Based on DAS28-CRP criteria, the cumulative remission rate of patients with SUIT regimen was significantly higher than that with non-SUIT regimen (42.0% *vs*. 19.6%, *P* = 0.001), although no significant difference was detected between patients with SUIT and Int-SUIT regimen (42.0% *vs*. 27.4%, *P* = 0.066).

![Kaplan-Meier analysis of cumulative sustained remission rates in patients with RA treated with different regimens based on (A) DAS28-ESR, (B) DAS28-CRP, and (C) CliDR criteria. RA: Rheumatoid arthritis; DAS28-ESR: 28-Joint disease activity score based on erythrocyte sedimentation rate; DAS28-CRP: 28-Joint disease activity score based on C-reactive protein; CliDR: Clinical deep remission; SUIT: Sustained intensive therapy with disease modifying anti-rheumatic drugs; Int-SUIT: Intermittent SUIT.](cm9-133-1397-g004){#F3}

Predictors of sustained remission in patients with RA
-----------------------------------------------------

The univariate logistic analysis showed that age (odds ratio \[OR\], 0.959, 95% confidence interval \[CI\]: 0.942--0.975, *P* \< 0.001), ESR (OR, 0.988, 95% CI: 0.980--0.997, *P* = 0.012), SJC28 (OR, 0.964, 95% CI: 0.930--0.996, *P* = 0.030), and the use of SUIT regimen (OR, 1.630, 95% CI: 1.410--1.960, *P* = 0.033) were significantly associated with sustained DAS28-ESR remission. Age (OR, 0.982, 95% CI: 0.966--0.998, *P* = 0.026), TJC28 (OR, 0.950, 95% CI: 0.926--0.981, *P* = 0.001), and the use of SUIT regimen (OR, 1.520, 95% CI: 1.345--1.783, *P* = 0.002) were significantly associated with DAS28-CRP remission. Data also showed that age (OR, 0.961, 95% CI: 0.942--0.981, *P* \< 0.001), ESR (OR, 0.987, 95% CI: 0.974--0.999, *P* = 0.038), SJC 28 (OR, 0.947, 95% CI: 0.904--0.992, *P* = 0.022), and the use of SUIT regimen (OR, 1.525, 95% CI: 1.314--1.875, *P* = 0.014) were significantly associated with sustained remission based on CliDR \[Table [2](#T2){ref-type="table"}\].
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Univariate and multivariate logistic regression analysis of predictors for sustained remission of RA (*N* = 541).
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Multivariate analysis revealed that young age and the use of SUIT regimen were independent favorable predictors of sustained DAS28-ESR remission (OR, 0.962, 95% CI: 0.944--0.980, *P* \< 0.001; OR, 2.215, 95% CI: 1.271--3.861, *P* = 0.005, respectively), as well as sustained DAS28-CRP (OR, 0.983, 95% CI: 0.967--0.999, *P* = 0.043; OR, 1.520, 95% CI: 1.345--1.783, *P* = 0.002, respectively) and CliDR remission (OR, 0.967, 95% CI: 0.948--0.986, *P* \< 0.001; OR, 1.525, 95% CI: 1.314--1.875, *P* = 0.013, respectively) for at least 1 year. ESR and SJC28 were found to be independent negative predictors only according to DAS28-ESR (OR, 0.987, 95% CI: 0.957--0.997, *P* = 0.015; OR, 0.952, 95% CI: 0.917--0.989, *P* = 0.011, respectively) \[Table [2](#T2){ref-type="table"}\].

Discussion
==========

Remission is a key treatment goal and an increasingly achievable outcome in patients with RA. Achieving remission with DMARD treatment is recommended by several management guidelines.^\[[@R9],[@R10]\]^ Sustained remission is the preferred treatment target in RA as patients in sustained remission show less joint damage progression than those in remission at a single time point.

The current study investigated the prevalence of sustained remission in patients with RA treated by SUIT. It was shown that the sustained remission rate of patients treated with SUIT regimen was significantly higher than that in patients with usual care (non-SUIT and Int-SUIT groups), although rare patients maintained remission during the 5-year follow-up. In this study, similar trends based on different criteria suggested that a larger number of patients with SUIT regimen sustained remission than those with non-SUIT and Int-SUIT regimens. The more stringent the disease is controlled, the more patients can achieve sustained remission.

Several studies suggested the advantages of intensive strategy in RA treatment. As shown in the tight control for rheumatoid arthritis (TICORA) study,^\[[@R11]\]^ intensive treatment substantially improved the disease activity of patients with RA. In a study conducted in China, prolonged intensive DMARD therapy was found to induce a high rate of good EULAR response.^\[[@R12]\]^ The current study suggested further that SUIT might be an effective strategy to maintain sustained remission.

However, in clinical practice, patients, especially elderly and those with comorbidities, are always reluctant to sustain tight control due to fear of adverse reactions. Older age might be the main barrier to implement the SUIT strategy. Consequently, such patients might require tapered DMARDs rapidly after reaching the treatment goal, leading to relapse and poor prognosis. EULAR recommendation suggested that if a patient is in persistent remission, tapering the conventional DMARDs could be considered. However, the duration of persistence is yet to be deduced, thereby necessitating additional evidence for consensus.

Identifying the type of patients that would easily obtain the treatment target and maintain remission after tapering DMARDs is crucial for developing personalized and stratified treatment strategies in RA. In a previous study, male gender, high education level, and low baseline disease activity were suggested to be predictors of remission, while initial use of corticosteroids was negatively associated with remission.^\[[@R13]\]^ Fewer studies have investigated the association between the use of SUIT regimen and sustained remission. In this study, the results showed that treatment with SUIT regimen was an independent predictor assessed by different remission definitions, suggesting "tight control" as a "remission-inducing" strategy in patients with RA. In addition, younger age and low ESR predicted the sustained remission as described previously.^\[[@R14]\]^ Presently, a variety of validated tools, such as DAS28, CDAI, SDAI, and Boolean definition, are available to assess the remission of patients with RA. However, there is no consensus on the optimal approach. Most of the patients with RA in remission, based on the current definitions, showed signs of residual inflammation.^\[[@R15],[@R16]\]^ In the current study, we assessed the sustained remission rates by CliDR. It is a more rigorous criteria and the sustained remission according to it is quite low. Further studies are still necessary to evaluate this novel remission definition. In this study, SDAI and Boolean remission were not analyzed due to the lack of evaluation of patient global visual analogue scale. Other limitations include absence of radiographic evaluation and laboratory parameters.

In conclusion, the current study suggested that RA remission was not common in the real world. Thus, sustained intensive treatment of RA is an optimal strategy, and will improve remission and outcome of the disease in clinical practice.
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